Caudal and lumbar epidural anaesthesia has been described in the paediatric patient for both intraoperative anaesthesia and postoperative analgesia, t-9 Techniques of epidural anaesthesia in children include single injection, intermittent bolus or continuous infusion of local anaesthetics or narcotics through a catheter inserted at a lumbar or thoracic interspace, and single injection caudal epidural anaesthesia. Continuous epidural postoperative analgesia in children younger than two years has not become popular due to the lack of equipment and techniques which would allow relatively quick and safe FIGURE After the caudal canal is identified by loss of resistance technique, the soft catheter is inserted over the blunt needle into the caudal epidural space.
long-term access to the epidural space. Recently Bosenberg et al. ~o described the use of the caudal approach for thoracic placement of epidural catheters for intraoperative anaesthesia. We report 30 infants under two years of age in whom the caudal approach to placement of lumbar or thoracic epidural catheters was very successful for postoperative pain control using preservative-free morphine.
Methods
Patients aged two days to 18 months, weight 1.4-12 kg, scheduled for a variety of gastrointestinal, genitourinary, and thoracic procedures were selected for placement of epidural catheters via the caudal approach. The choice of primary anaesthetic technique was determined by the individual anaesthetist and all catheters were inserted after the patients were anaesthetized. Parental informed consent was obtained the evening before surgery and only those patients admitted for postoperative care to the Paediatric or Neonatal Intensive Care Unit were considered for catheter placement.
Once anaesthetized, patients were placed in the lateral decubitus position and the sacral hiatus was identified. An 18-ga (Burron continuous brachial plexus kit | or 20-ga introducer needle (Intracath | was then inserted through the sacral hiatus at an angle of 30-45 ~ from the skin. Penetration of the sacrococcygeal ligament could be felt as a slight "pop" approximately 2-3 mm from the skin surface in neonates, and 5-6 mm in the two-year-old child. Following penetration of the saerococcygeal ligament, the soft catheter was advanced into the caudal canal over the introducer needle (Figure) . The length of indwelling epidural catheter was equal to the distance between the operative site and the introducer. A 20-ga epidural catheter was used for the 18-ga introducer needle and a 22-24 ga for the 20-ga needle. If the catheter did not thread easily, placement could be facilitated by injecting 2-3 ml of preservative-free sterile saline through the introducer catheter. At no time was a catheter advanced against resistance.
Lidocaine 0.5 per cent with 1:200,000 epinephrine was injected at the end of the operative procedure through the catheter to provide immediate analgesia and to determine the dermatomal distribution of effective analgesia. Takasaki's formula: 0.05 ml x wt (kg) • number of spinal segments to be blocked, was used to calculate the total doseof local anaesthetic. ~ ~ After emergence from general anaesthesia, a sensory level was documented before epidural morphine, 0.05 mg. kg -I , was given. The catheter position was documented by postoperative radiographs. All infants were monitored with an apnoea monitor, pulse oximeter, and ECG in the Intensive Care Unit. They were also observed for hypoventilation, apnoea, bradycardia, hypotension or CNS depression. Criteria for reinjection were: an inconsolable infant after other comfort measures had failed, heart rate or blood pressure 15 per cent above baseline after other reasons (hypoventilation, full bladder) had been eliminated, and grimace or crying to gentle palpation near the operative site. Catheters remained in place until the patient was discharged from the Intensive Care Unit or profound pain relief was no longer needed. If soiling of the catheter site occurred, the catheter was removed.
Results
Thirty-one epidural catheters were placed in 30 infants via the caudal route over a nine-month period (Table) . The catheters were inserted with ease by anaesthesia residents with various levels of expertise. Postoperative radiographs showed the catheter tip within one segment of the desired thoracic or lumbar level, that of skin incision, and our range of catheter tip placement was L2-Tr. Two catheters, 22-and 24-ga, kinked and made reinjection impossible. This problem was not encountered with larger catheters. A third catheter had blood present when aspirated before reinjection. All three catheters were removed. There were no catheter-related complications at the time of insertion, or for a follow-up of I to 18 months postoperatively. All patients had adequate analgesia with epidural morphine 0.05 mg-kg -t. Dosing intervals ranged from 6-36 hr (mean 15 hr). Catheters remained in place for an average of 46 hr (range 18-96 hr). No episodes of nausea, vomiting, hypotension or skin rash were noted. Two infants required crede of the bladder for the period of epidural narcotic administration due to urinary retention.
One infant had an apnoeic episode three hours after injection of epidural morphine. This was treated immedi- ately with intravenous naloxone and pulmonary ventilation with a bag and mask. The catheter level in this child was at Ts. The child had received 2 ~xg. kg-~ IV fentanyl intraoperatively 30 min before morphine administration.
There was no evidence of incorrect dosage, subarachnoid infusion, or intravenous injection. This infant received one subsequent dose of local anaesthetic through the same catheter with no further problems.
Discussion
Postoperative pain relief using epidural narcotics is advantageous in the paediatric patient because it encourages a more rapid return of appetite and earlier ambulation. 3 In neonates, adequate postoperative analgesia promotes more rapid weaning from the ventilator, and also decreases the level of circulating stress hormones, thus reducing time spent in the catabolic state; t2 an advantage that may also be present when analgesia is provided through the epidural route. Advantages of the caudally placed epidural catheter in comparison with the lumbar or thoracic approach include ease of insertion and reduced risk of dural puncture and spinal cord damage. Compared with single injection caudal block, lumbar or thoracic placement of the catheter permits use of a smaller volume of local anaesthetic, and allows access to the epidural space for continued analgesia postoperatively. The analgesia achieved with this technique using preservative-free morphine (Duramorph | 0.05 mg'kg -j was excellent and no catheter-related complications were encountered. One apnoeic episode out of 108 injections of morphine in 30 patients supports cardiorespiratory monitoring of these patients in an area where rapid response by nursing personnel can be expected if this complication occurs. One explanation of the episode could have been synergism between intraoperative fentanyl administration and the duramorph given 30 min after surgery was completed. Another possibility is that the dose of morphine may need to be reduced for higher levels of the catheter placement, because of the tendency of morphine to spread cephalad once it has crossed the dura. Epidural fentanyl, ! ixg-kgfollowed by an infusion at 1 ~g-kg-i. hr-i (concentration: 10 ~g.ml) may provide a better alternative to morphine, since it is more lipophillic and less likely to have cephalad spread.
In conclusion, lumbar and thoracic epidural catheters can be placed using the caudal approach with little difficulty, and consistently within one segment of the desired interspace. We have experienced no catheterrelated complications while the catheter was in place or after removal. The catheters proved valuable for postoperative pain relief allowing adequate analgesia in all cases. One patient experienced an apnoeic episode three hours after epidural morphine injection. Consequently, we restrict epidural narcotics in children less than two years of age to those who will receive intensive care unit monitoring postoperatively.
